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Abstract 
The technical performance of a hybrid ‘solar window’ that provides heating in addition to daylighting is evaluated. A 
wavelength selective film is coupled with a compound parabolic concentrator (CPC) to reflect and concentrate the 
infrared portion of the solar spectrum onto a tubular absorber while transmitting the visible portion of the spectrum 
into the interior space. The optical performance of the CPC/selective film is predicted using a Monte Carlo Ray-
Tracing model. An adaptive concentrator geometry based on asymmetrical truncation of CPCs is analyzed for vertical 
windows. The predicted visible transmittance is 0.61 to 0.67 for double glazed windows. The solar heat gain 
coefficient and the U-factor are comparable to existing glazing technology. The annual thermal efficiency for double 
glazed windows based on use in Minneapolis, MN is 19-24%. 
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1. Introduction 
Daylighting is widely recognized as a key strategy towards an aesthetically pleasing and energy 
efficient built environment [1-6]. Modern glazing technologies offer various approaches to regulate the 
thermal and optical performance. Multi-layer glazing separated by air, vacuum, inert gas or transparent 
insulators such as silicon aerogel [7]reduce thermal losses. Tinted or reflective glazing technologies [8-
10], low emissivity coatings [10, 11] and spectrally selective glazing [10-12] regulate the spectral 
response of the window. Switchable glazing technologies such as electrochromic [13-15], thermochromic 
[15, 16] or photochromic glazing and liquid crystals [17] have been developed as part of ‘smart’ 
fenestration systems to provide varying levels of daylighting and passive thermal control for the interior.  
An attractiveapproach for glazing systems is to harness the sunlight not utilized for daylighting to 
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Nomenclature 
 ܣ௖ Area, m2    ߠ Incidence angle 
ܥ Geometric concentration factor   ߠ௖ Nominal half-acceptance angle, deg 
ܿ௣ Specific heat capacity, J/kg-K   ߠௗଵǡ ߠௗଶ Truncated half-acceptance angle, deg 
ܦ Tube diameter, m    ߣ Wavelength, nm 
ܨோ Heat removal rate    ߩ Reflectance 
ܩ Incident solar irradiance, W/m2   ߬௩௜௦ Visible transmittance 
݃ Fraction of incident solar radiation  Subscripts 
ܪ Depth of CPC, m    ܽ Absorber tube; absorbed rays 
ܮ Length of CPC, m    ܾ Beam radiation 
ሶ݉  Mass flow rate, kg/s-m2   ܿ Collector, CPC cover 
ܰ Number of rays    ݀ Diffuse radiation  
݊ Number of concentrators/absorber tubes  ݁ Effective value 
ܴ Random number uniformly distributed in (0,1) ݂݅ Fluid inlet, outlet  
 ܳ௨ Useful energy, W/m2    ݅ Incident rays 
 ݎԦ Direction of incident radiation   ݉ Wavelength selective film 
 ܵ Energy absorbed per unit absorber area, W/m2 ො݊ Normal (to a surface) 
 ܵܪܩܥ Solar heat gain coefficient   ܸሺߣሻ CIE photopic luminosity function 
 ܶ Temperature, K    ݎ Radiation 
 U-factor Thermal transmittance through window,  ݏ Specular reflection 
  W/m2K     ݐ Transmitted rays 
 ௅ܷ Overall loss coefficient, W/m2K   ݐ݄ Thermal module 
 ܹ Width of CPC, m    ݔݕǡ ݕݖ xy, yz planes 
 ݔǡ ݕǡ ݖ Cartesian coordinates    λ Ambient   
 ߙ Absorptance    ߣ Spectral 
 ߝ Emittance     Superscripts 
 ߟ Efficiency     ܦܮ Daylit space 
       ܶ Thermal module 
generate alternate forms of energy to supplement the overall sustainability of the built structure. Semi-
transparent building integrated photovoltaic (BIPV) glazing [6, 8] can be used to offset interior lighting 
loads, but suffer from low transmittance in the visible. Chow et al. [8, 18] analyzed water-flow double-
pane window. Davidsson et al. [19] proposed and tested a multifunctional, window integrated PV/T with 
tiltablealuminum reflectors to concentrate incident solar energy.  
In the present work, a hybrid ‘solar window’ based on the principle of spectral band splitting is 
analyzed. The proposed device performs multiple functions: it daylights the interior space; it generates 
useful thermal energy which can be used to offset domestic hot water or space heating loads; and it can be 
used to regulate heat gains through the window. Figure 1 shows the design concept and an illustration of 
the window in a building. A wavelength selective film is attached to a series of compound parabolic 
concentrators (CPCs) made of transparent PMMA or polycarbonate, and integrated into a window on the 
interior side of a low-iron glazing. The wavelength selective film divides the incident solar spectrum into 
visible (transmitted) and near-infrared (reflected) bands. The spectrally selective CPCs are connected to 
tubular absorbers via end plates that can pivot about rubber bushings. A heat transfer fluid is circulated 
through the absorber tubes. The inlet/outlet manifolds to supply fluid to the absorbers are incorporated 
into the window frame for aesthetic architectural integration.  
The window may be operated in two modes by adjusting the position of the CPCs. In the concentrating 
mode, the CPCs are ‘closed’. The CPC/selective film transmits the visible portion of the incident solar 
spectrum to the interior space. The infrared portion of the spectrum is concentrated on to the absorber 
tubes to collect thermal energy. Blocking the infrared portion of the solar spectrum serves to passively 
cool the interior space. In the non-concentrating mode, the concentrators are opened to allow the full solar 
spectrum to be transmitted into the interior space. 
We model the solar window with the objective of identifying the effects of CPC geometry on the 
thermal and daylighting performance. A Monte-Carlo Ray Tracing(MCRT) algorithm is formulated to  
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Fig.1. (a) Design concept for the hybrid solar window 
 
 
Fig. 1. (b) A visual rendering of the interior appearance of a building facade employing hybrid solar windows and skylights. 
[Rendering made by Becky Alexander, School of Architecture, University of Minnesota] 
model the optical behavior of the wavelength selective film [20]. The MCRT model determines the 
spectral and energetic split between the solar thermal module and the daylit space as a function of the 
wavelength and direction of incident radiation. These results are used to predict the annual thermal 
efficiency of the system, and the daylighting and heat insulating properties of the window.  A case study 
for east and south facing vertical windows and a horizontal skylight is presented for Minneapolis, MN. 
2. Wavelength Selective Film 
The wavelength selective film is a co-extruded multilayer dielectric reflector consisting of alternating 
layers of high refractive index polymers and low refractive index polymers [21]. Figure 2(a) plots the 
reflectance ሺߩ௠ሻ  of the film for normal and 60o off-normalincidence angles (ߠ௠ ) as a function of 
wavelength (λ). The data for Od 1110nm are for a commercially available film. Data beyond 1100nm 
represent properties expected for a film under development. At normal incidence, the film has a low 
reflectance (~8-12%) from 400 to 850nm and a high reflectance in the infrared from 850to 
1835nm(~95%). At 60o off-normal incidence, the reflection band edges shift to shorter wavelengths but 
the average reflectance remains the same for the p-polarized component of light. The reflectance for the s- 
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Fig. 2.(a) Spectral directional reflectance for the selective film at 0o and 60o incidence (b) CIE Photopic luminosity function [22] 
polarized component of light is about 4-5% higher for ߠ௠ = 60o than at normal incidence, resulting in an 
average increase of 2-2.5% in reflectance; this slight increase is not included in Fig. 2(a). 
The quality of the transmitted daylight depends on the relative sensitivity of the human eye to different 
wavelengths, indicated by the photopic luminosity function ܸሺߣሻ [22] shown in Fig. 2(b).Daylighting 
metrics such asilluminance and visible transmittance are weighted by the photopic luminosity function. 
As shown in Fig. 2(a), the film has a high transmittance (~0.9) for 450൑ ߣ ൑700nm for ߠ௠ = 0o and ߠ௠ = 
60o. Because the film is well matched to the photopic luminosity function, it is ideal for daylighting. 
3. Design Approach 
In this section, a design approach that can be used to select an appropriate CPC geometry for any 
facade orientation and geographical location is described.  In this paper, a vertical window application on 
a south facing façade in Minneapolis, MN is presented. The window size is fixed at 1 x 1.5m (Fig. 3. (a)). 
Two adjacent windows of this size represent a window-to-wall ratio (WWR) of 35% for a typical single 
person office space having dimensions 3 x 3 x 2.75m. The concentrators are oriented such that they have 
a flow length of 1m, and the concentrator depth  ܪ is restricted to 0.05m based on typical vane sizes for 
window blinds (Fig. 3. (b)). The tube diameter is 0.016m. Single glazed (3.2mm glass) and double glazed 
(3.2mm glass, 12.7mm air, 3.2mm glass) are considered to represent conventional window glazing 
options. The concentrators are 1.5mm thick acrylic. 
The CPC geometry, shown in Fig. 4, is defined by the tube diameter ܦ, the nominal half-acceptance 
angle ߠ௖ and the nominal geometrical concentration factor ܥ ൌ ͳ ߠ௖ൗ  (the ratio of the CPC aperture area 
to the absorber area) [23].For a specular, opaque concentrator surface, the geometry concentrates all 
radiation within the acceptance angle, a useful attribute for low-concentration, non-tracking solar 
applications such as windows. For the window/skylight application, an asymmetrically truncated CPC has 
several advantages.The CPC can be aligned in a direction so that it receives maximum annual radiation 
within the nominal acceptance angle for a particular geographical location. The truncated CPC 
provideshigher concentration and efficiency for the solar thermal module. Truncation also provides a 
more compact, visually appealing design that can be adapted to the façade orientation. The line indicated 
by theletter ‘T’ in Fig. 4(a) represents the plane of asymmetric truncation. The corresponding truncated 
geometry (Fig. 4(b)) has an effective geometric concentration factor ܥ௘ ൐ , and an enhanced field of 
view, represented by the truncated half-acceptance angles ߠௗଵ and ߠௗଶ (>ߠ௖). 
Figure 5 depicts the use of asymmetrically truncated CPCs for a vertical window and a horizontal 
skylight.The smaller concentrator (ܪ ൌ 0.04m, ܹ ൌ 0.09m) in Fig. 5(a) has a higher optical efficiency 
than that shown in Fig. 5(b) at the absorber tube due to wider half-acceptanceangle. However, a window 
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consisting of the concentrators in Fig. 5(b) would have fewer absorber tubes and as a result, transmit more 
light into the daylit space. In Figs. 5(a) and (b), the CPC axis is oriented in a direction such that maximum 
radiation transmitted through the window is incident on the concentrator within the respective acceptance 
angles. For Minneapolis, this orientation is 50o and 45o from the vertical for ߠ௖ ൌ  40o and 25o, 
respectively.In the present study, a range of concentrator designs for 25o൑ ߠ௖ ൑45owere evaluated. A 
similar approach can be used to choose a suitable plane of truncation for an arbitrarily oriented building 
façade. To illustrate this, Fig 5(c) shows a CPC design for a horizontal skylight. The CPC axis is inclined 
at 35o with the vertical, towards south. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Hybrid window/skylight overall dimensions (b) Typical cross-section of the hybrid system with component thicknesses 
 
 
 
 
 
 
 
 
 
 
Fig. 4.(a) Asymmetrical truncation of a CPC geometry showing truncated and untruncated parameters (b) Resultant asymmetrically 
truncated CPC 
 
 
 
 
 
 
 
 
 
 
Fig. 5.Truncated CPC geometries for (a), (b) vertical window and (c) horizontal skylight for maximum optical efficiency at the 
absorber tube for the respective half-acceptance angles 
ߠ௖ ൌ 35o 
35o 
ߠ௖ ൌ 40o 
35o 
45o 
50o 
40o 
25o 
Ʌ ɅʹɅͳ
T 
D 
H 
Ʌ
D 
W 
Gap 
(12.7mm 
thick) 
Film/CPC 
(1.5mm thick) 
Low-iron 
glazing 
(3.2mm 
thick) 
ܪ ൑ 50mm 
1.5m 
1m 
Absorber 
tube 
(16mm) 
ܹ 
(a) (b) 
(a) (b) 
(c) 
(b) 
(a)  
ߠ௖ ൌ 25o 
1946   Tejas Ulavi et al. /  Energy Procedia  57 ( 2014 )  1941 – 1950 
4. Model 
A 3-D Monte Carlo ray-tracing (MCRT) model was implemented to predict the reflectance of the 
CPC/wavelength selective film, and the resultant optical efficiency of the solar thermal module as a 
function of the direction and wavelength of incident radiation. The model yields incidence angle 
modifiers for the solar thermal module. Results are also used to determine the visible transmittance ሺ߬௩௜௦ሻ, 
solar heat gain coefficient ሺܵܪܩܥሻ  and ܷ -factor for the hybrid solar window. The latter results are 
independent of geographical location and can be used as parameters in commercial software such as 
RADIANCE [24], IES VE Pro [25] to perform daylighting simulations. 
4.1. MCRT 
The MCRT model for the CPC is described in detail by the authors in [20]. For the present application, 
the procedure was modified for asymmetrically truncated CPCs to determine the following quantities: 
x ൬݃௕ǡ௥Ԧ் ؠ
ீ್ǡೝሬԦ೅
ீ್ǡೝሬԦ
൰, ൬݃ௗ் ؠ ீ೏
೅
ீ೏൰–The fractions of incident beam radiation (as a function of incident 
directionݎԦ) and diffuse radiation reflected to the absorber tube 
x ൬݃௕ǡ௥Ԧ஽௅ ؠ
ீ್ǡೝሬԦವಽ
ீ್ǡೝሬԦ
൰, ൬݃ௗ஽௅ ؠ ீ೏
ವಽ
ீ೏ ൰– The fractions of incident beam radiation (as a function of incident 
direction ݎԦ) and diffuse radiation transmitted to the daylit space 
x ൛ߣ௧ǡ௥Ԧȁͳ ൏ ݐ ൏ ௕ǡ௥Ԧ஽௅ൟǡ ൛ߣ௧ǡௗȁͳ ൏ ݐ ൏ ௗ஽௅ൟ– The spectral distribution of radiation transmitted to 
the daylit space 
Multiple MCRT simulations were performed for each concentrator geometry by varying ߠ௫௬ from -60o 
to 60o and ߠ௬௭ from 0o to 60o (due to symmetry in the ݕݖ plane about the CPC axis) for the incoming 
beam radiation in increments of 1o and 5o respectively. A separate simulation was performed for incident 
diffuse radiation. ߠ௫௬andߠ௬௭ for diffuse radiation were chosen based on MCRT distributions for the zenith 
and azimuth angles for diffuse emission from an isotropic, isothermal surface [26]. The fractions of 
incident beam radiation and diffuse radiation reflected to the absorber tube and transmitted to the daylit 
space are given by Eqs. (2)-(5). The model was also used to track the transmitted spectrum into the daylit 
space for daylighting calculations. 
 ݃௕ǡ௥Ԧ் ൌ
୒್ǡೝሬԦ೅
ே೔ǡ್
, ݃ௗ் ൌ ୒೏
೅
ே೔ǡ೏
 (2), (3) 
 ݃௕ǡ௥Ԧ஽௅ ൌ
୒್ǡೝሬԦವಽ
ே೔ǡ್
, ݃ௗ஽௅ ൌ ୒೏
ವಽ
ே೔ǡ೏
 (4), (5) 
4.2. Annual thermal efficiency 
The thermal efficiency of the solar thermal module is determined from a quasi-steady state 1-D energy 
balance. Table 1 lists the assumptions and system properties. The annual thermal efficiency [27] is 
 ߟ௧௛ ൌ  ଵ஺೎ σ
௡஺ೌிೃൣௌି௎ಽሺ்೑೔ି ಮ்ሻ൧
ீ௛௢௨௥௦  (7) 
The solar radiation absorbed by the absorber tube, ܵ, is obtained by interpolating ݃௕ǡ௥Ԧ் and ݃ௗ்  obtained by 
the MCRT model for the direction of incident beam radiation, and magnitudes of the incident beam and 
diffuse radiation from hourly TMY2 data. The heat removal rate ܨோ is a function of ௅ܷ, the absorber tube 
thickness and the heat transfer coefficient from the inner absorber wall to the fluid ݄௙௜[20].The overall 
thermal loss coefficient ௅ܷ  is calculated from a thermal resistive network [20]. The daylit space is 
assumed to at a fixed temperature of 25oC and the convective losses from the CPC to the room are 
 Tejas Ulavi et al. /  Energy Procedia  57 ( 2014 )  1941 – 1950 1947
calculated using heat transfer correlations for natural convection from a horizontal cylinder [28]. For the 
double glazed window, the natural convection in the cavity is modeled as per ISO 15099 [29, 30], 
prescribed by the National Fenestration Rating Council (NFRC). Radiation in the cavity enclosed by the 
glazing layers is modeled assuming a view factor of 1 (for a thin cavity compared to glazing dimensions).  
4.3. Evaluation of fenestration 
The visible transmittance (߬௩௜௦), the solar heat gain coefficient (ܵܪܩܥሻ and the ܷ-factor characterize 
the daylighting and thermal performance of the fenestration. The center-of-glazing (excluding the window 
frame) visible transmittance and the solar heat gain coefficient are determined in accordance with NFRC 
200-2010 [31] using the conditions listed in Table 2. The visible transmittance is calculated by weighting 
the transmitted spectrum for direct normal radiation (ݎԦ ൌ ො݊) obtained from the MCRT model by the 
photopic luminosity function in Fig. 2(b), and accounting for transmission through the cover. A visible 
transmittance value for diffuseradiation, ߬௩௜௦ǡௗ, is calculated to simulate uniform overcast sky conditions 
[32].The transmittance through the cover for diffuse radiation is assumed equal to the cover transmittance 
for beam radiation at an incidence angle of 60o [26]. 
The solar heat gain coefficient is the fraction of the incident solar energy directly transmitted through 
the fenestration plus the energy reradiated or convected into the interior space. The CPC/selective film 
temperature ௠ܶ and the overall heat transfer coefficient from the film to the interior are calculated using 
the thermal model discussed in [20] for the standard NFRC 200-2010 conditions. 
The NFRC 100-2010 [33] procedure is applied to calculate the U-factor for the environmental 
conditions listed in Table 2. The overall heat transfer coefficient from the selective film to the glazing 
consists of the convective heat transfer coefficient based on Nusselt number correlations for natural 
convection in a vertical cavity as per the approach in ISO 15099, and the conductive and radiative heat 
transfer coefficients presented in [20]. 
Table 1.Assumptions and system properties for the annual thermal model 
Property Value 
Aperture area ܣ௖ 1m x 1.5m 
Absorber tube diameter ܦ 0.016m 
Heat transfer fluid Ethylene glycol 40% (v/V) 
Mass flow rate 0.015 kg/s-m2 
Inlet fluid temperature ௙ܶ௜ 293K 
Absorber propertiesߙ௔ǡ ߝ௔ 0.94, 0.09 [27] 
Cover emittanceߝ௖ 0.84 [34] 
CPC emittanceߝ௠ 0.85 for acrylic [27] 
Table 2. Standard NFRC environmental conditions 
Standard ௜ܶ௡ ௕ܶ (oC) ݒ௪ (m/s) ܩ (W/m2) 
NFRC 200-2010 24 32 2.75 783 
NFRC 100-2010 21 -18 5.5 0 
5. Results 
5.1. MCRT 
Results obtained from the MCRT model are independent of geographical location. To illustrate the 
type of data obtained from the MCRT model. Fig. 6 shows the results for a window geometry: ߠ௖= 30o, 
ܦ= 0.016m, ߠௗଵ ൌ-86.35o, ߠௗଶ ൌ32.25o.Figure 6(a) shows the fraction of incident radiation concentrated 
on the absorber tube, ݃௕ǡ௥Ԧ் , as a function of direction of the incident radiation, ݎԦ, expressed through 
components ߠ௫௬ and ߠ௬௭. ߠ௫௬is varied from -45o to 45o about the CPC axis in the ݔݕ plane to account for 
expected incidence angles on the vertical façade in the plane of the CPC. ߠ௬௭is varied from 0o to 60oabout 
the CPC axis in the ݕݖ plane to characterize losses through the ends of the CPC. The corresponding 
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Fig. 6. (a) The fraction of incident beam radiation reaching the absorber tube as a function of ߠ௫௬ and ߠ௬௭ (b) 1-Incident and 2-
transmitted spectrum for diffuse radiation (c) 1-Incident and 2-transmitted spectrum for beam radiation normal to the glazing 
value for incident diffuse radiation, ݃ௗ் , is inset. The information in this figure can be used to determine 
the optical performance of the solar thermal module depending on the local solar angles. Consider the 
results at ߠ௬௭ ൌ 0o (no end losses). Within the nominal half acceptance angle (-30o൑ ߠ௖ ൑ 30o), the CPC 
geometry is a perfect concentrator for reflected radiation. In this range, ݃௕ǡ௥Ԧ்  is ~0.52-0.62 (i.e. 52-62% of 
the incident radiation reaches the absorber tube). Outside this angular range, the geometry ceases to be a 
perfect concentrator. For -45o൏ ߠ௫௬ ൏ -30o, the incident radiation is still within the truncated half-
acceptance angle ߠௗଵ; ݃௕ǡ௥Ԧ்  ~0.19-0.2. Beyond the truncated half-acceptance angle,݃௕ǡ௥Ԧ்  drops to zero. As 
ߠ௬௭ is increased, radiation is lost through the ends of the CPC. For the presented case, ݃௕ǡ௥Ԧ்  shifts to ~2% 
lower values as ߠ௬௭ is increased from 0o to 60o, owing to a high aspect ratio (Ȁ). 
Figures 6(b) and (c) compare the incident spectrum for a blackbody at 5777K and the spectrum 
transmitted by the CPC, for direct normal beam radiation and diffuse radiation respectively. These plots 
can be used to predict the visible transmittance and the solar heat gain for the solar window employing 
the considered CPC geometry. For each wavelength ߣ, the value of the ordinate indicates the fraction of 
rays transmitted through the CPC having wavelengths within ߣ േ5 ߤm. A peak is observed near 520-
550nm, corresponding to the peak of the photopic luminosity function. 
5.2. Case Study 
Results for a south facing vertical window are presented for Minneapolis, MN. We consider the impact 
of the CPC geometry on the annual thermal efficiency and the diffuse visible transmittance through the 
solar window for the concentratingmode of operation. The nominal half-acceptance angle ߠ௖  is varied 
from 25o to 45o and the respectiveconcentrators are truncated. The resulting geometrical concentration 
factor ܥ௘ranges from 2.6 at ߠ௖=25o to 1.5 at ߠ௖=45o.The diffuse visible transmittance for the window is 
plotted in Fig. 7 as a function of ߠ௖ and the corresponding number of concentrators. The solid curves 
represent a single low-iron glazing and the dashed curves represent double glazing. The transmittances of 
the single and double glazing are 0.83 and 0.74 respectively (curves 1 and 4). With the addition of the 
wavelength selective film, the transmittance decreases to ~0.77 and ~0.68 respectively (curves 2 and 5). 
The visible transmittance of the hybrid system varies from 0.66 to 0.55 (curve 3) for a single glazed 
skylight and from 0.59 to 0.49 (curve 6) for a double glazed skylight as ߠ௖ is increased from 25o to 45o. 
Shading by the absorber tubes account for 35-50% of the transmission loss through the entire system. 
Figure 8 shows the annual thermal efficiency for single (solid line) and double (dashed line) glazed 
windows as a function of the half-acceptance angle ߠ௖ . As ߠ௖  is increased, the CPC accepts a wider 
angular range of incident beam radiation. Consequently, the effective concentration factor ܥ௘ decreases 
and a larger fraction of the diffuse radiation reaches the absorber tube. Thus, annual thermal efficiency 
increases from 0.21 to 0.28 for single glazing and from 0.19 to 0.26 for double glazing as ߠ௖ is increased.  
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Double glazing reduces the thermal losses and the overall loss factor ௅ܷ, but also lowers the transmission 
of incident radiation. The net result of using double glazing is a drop in the annual thermal efficiency by 
~1.5%. However, double glazed systems offer better thermal insulation. 
6. Conclusion 
A unique concept for a hybrid solar window that uses a wavelength selective film to split the incident 
radiation into spectral bands for daylighting and heating is presented. A Monte Carlo ray tracing model is 
used to analyze the annual thermal and daylighting performance of the hybrid window. A versatile 
concentrator design is presented that can be adapted to different façade orientations. Vertical windows in 
Minneapolis, MN are evaluated to predict the impact of the concentrator geometry on the daylighting and 
thermal performance of the window.  
Thevisible transmittance, which represents daylighting performance, is relatively insensitive to 
concentrator shape, but depends strongly on the number of absorber tubes, which block light. As the half-
acceptance angle ߠ௖  of the CPC is increased from 25o to 45o, the diffuse visible transmittance of the 
double glazed solar window changes from 0.59 to 0.49 and the NFRC visible transmittance changes from 
0.67 to 0.61. The solar heat gain coefficient and the U-factor for these geometries are relatively constant 
having values of 0.43 and 2 W/m2K respectively. For commercial double glazed fenestration systems, the 
visible transmittance, the solar heat gain coefficient and the U-factor can range from 0.19-0.84, 0.31-0.84 
and 1-2.7 W/m2K respectively. With respect to heat insulation and spectral selectivity, the hybrid solar 
window is equivalent to or closely approaches double glazed systems with low-e coating. 
The proposed hybrid window harnesses energy not used for daylighting to generate sensible heat that 
can offset the hot water loads of the daylit space. The thermal efficiency of the window is a strong 
function of the CPC geometry. It ranges from 18-24% for south facing windows for CPC geometries 
ranging from -25o൑ ߠ௖ ൑45o. The hybrid window can also be used in an alternative, non-concentrating 
mode in which it has higher solar heat gains. 
The proposed hybrid solar window offers a compelling possibility for alternative, energy efficient 
glazing systems. The architecturally integrated design, adaptability and multi-functionality offered by the 
hybrid window could drive future concepts for integration of solar energy into the built environment. 
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